A numerical computations of cross sections for quasielastic charge current scattering of neutrino on Oxygen, Argon and Iron in Local Density Approximation (LDA) are presented. We consider processes for a few GeV neutrino energy. We include corrections from nucleon re-interaction in nucleus described by relativistic Random Phase Approximation (RPA). We adopt the relativistic Fermi gas model of nucleus with and without taking into account the effective mass of nucleons(In the case of the LDA the Fermi momentum and the effective mass are local ). We compare cross sections calculated in the framework of LDA with results obtained with the assumption of the constant baryon density inside nucleus.
Introduction
A study of oscillations phenomena of neutrinos became one of the most interesting topics of particle physics. Experiments such as K2K, MINOS, MiniBoone, ICARUS collect or will collect data which allow physicists to establish parameters of oscillations. The crucial role in the analysis of experimental results play good knowledge of theoretical predictions of neutrino-nucleus cross sections. In the case of long baseline as well as atmospheric neutrino's experiments one of the most important ( for establishing of oscillations parameters) became analysis of the data for a few GeV neutrinos [1] . In this energy domain the quasielastic contribution is important 2 .
The calculations of cross sections require of study of influence of nuclear effects on it. The scattering amplitude can be combine with two parts [3] . One described by weak interaction vertex of scattering neutrino on free nucleon and second part which is evaluated in the framework of many body theory. The last part posses description of the model of nucleus. A weak interaction vertex is described very well by Fermi theory when a neutrino is of the order of a few GeV. A consideration of the model of nucleus described by Fermi gas (FG) of nucleons [4] is one of the most popular and simple origin in discussions of nuclear effects in that energy regime. In the Fermi gas model momenta of nucleons are uniformly distributed inside the Fermi sphere which has maximum radius: Fermi momentum -k F . It is connected with baryon density inside nucleus. For the first time this simple approach was applied in the scattering of electrons on nuclei [5] - [9] 3 . Experimental results obtained from scattering from those processes allowed experimenters establish average Fermi momenta for given nuclear targets. Success of this approach caused of application of it in neutrino-nucleus interactions [7, 10, 11] .
As we mentioned above the Fermi gas model is the good starting point for the further nuclear discussions. One can evaluated this model by consideration of some additional effects such as for example binding energy, effective mass of nucleons, final state interaction and many others but the most important seems to be take into account a collective behavior of nucleons inside nucleus. It could be done in several ways e.g. by using static potential, which gets the quite easiest way to apply it or by application of the methodology of quantum many body field theory.
One of the most consistent way of description of nucleus, which describe collective properties of nucleons is the relativistic Mean Field Theory (MFT) [12] . The ground state of nucleus is described by relativistic Fermi gas of nucleons which have effective mass introduced by self-consistency equation for given target 4 . The strong interaction between nucleons is introduced into the model by consideration of virtual particles which are exchanged between nucleons. They are described by the effective interaction lagrangian which consist vector and scalar fields. The methodology of MFT allows to solve this theory. In the electron-nucleus scattering, neutral σ and vector ω are considered [13] . The contribution from σ field is fully manifested in the effective mass (the appearing of this field lead to mentioned above self-consistency equation). In the case of the charge current neutrinonucleus interaction, pions and mesons rho gave contribution to scattering amplitude [14, 15] . Corrections described by effective lagrangian are calculated by using standard tools of the quantum perturbation field theory. It gives rise to infinite number of diagrams. It is impossible to take into account contributions from all diagrams. One may choose special class of them which correspond to one particle -one hole excitations. This approach is called relativistic Random Phase Approximation (RPA) [16] .
Experimental measurements of the electron-nucleus scattering shows that charge distribution in nucleus is not uniform [17, 18] , which follows that baryon density is not uniform too. The charge distribution can be predicted in the framework of the relativistic MFT. It would be done by solution of the Dirac-Hartree self-consistency equations [19] . Calculations are not easy, although leads to the results which are comparable with experimental predictions. It allows us to use of the experimental results and apply them to investigated by us formalizm.
The measurements of the scattering electron on nucleus allowed to fit a charge density distributions inside nucleus. The fitting is done by assumption of the simple models of nucleus such as oscillator model in the case of light nuclei e.g. Oxygen and Fermi model in the case of lighter nuclei e.g. Argon, Iron. The inclusion into the model of nucleus of the local profile of baryon density (Local Density Approximation -LDA) is the treatment which makes the model of nucleus more realistic. The effect of the local density were taken into account not only in discussions of electron nucleus data but also in neutrino matter interactions [20] - [23] .
In this paper we want to develop consideration of previous paper [24] , where we adopted relativistic MFT. We presented the analytical solution of the RPA Dayson equation and discussed the RPA corrections to scattering of neutrino on nucleus. Here we are going to extend our consideration by application of Local Density Approach (LDA) in the case of a few targets. We will compare results for the case of LDA with calculations which were done by assumption of the constant baryon density. The second case is described by average values of Fermi momenta and effective masses for given targets. They were calculated from experimental charge density distributions [18] .
We chose tree nuclei 8 O 16 , 18 Ar 40 and 26 F e 56 , which characterize targets of tree neutrino experiments: Super Kamionkande, Icarus and Minos. As I mentioned before, we are going to compare differential and total cross sections for the nuclei with constant and local density. The comparison will done in various levels of the model (Fermi gas with or no RPA and with or no effective mass).
The paper is organized as follows. Short description of formalism is presented in section 2. In section 3, numerical computations of cross sections are shown and discussions of results. In this section we also summarized.
The formalism
We consider the process:
The cross section per one nucleon in laboratory frame for above scattering is the following:
where
is the transfer of four-momentum, k, k ′ are four momenta of neutrino and lepton. L µν is a leptonic tensor:
The sign ± depends on considered process (neutrino/antineutrino). Nuclear properties of nucleus are included in polarization tensor Π µν . This tensor is evaluated by the QFT techniques [16] and could be written as the sum of two contributions. One of them is from the free Fermi gas and second from the RPA corrections:
By Γ µ elementary weak charge current nucleon-nucleon is described and expressed by means of form factors [25] : Ratio of effective mass to free mass for 8 We omit G p (q µ ) term since its contribution to ν e and ν µ cross sections at E ν ∼ 1GeV is negligible. The value of parameters which characterize form factors are presented in the appendix. By the ∆ F G (p) in (2) we introduce the propagators of nucleon in the free Fermi sea:
(4) M * is the effective mass, calculated from self-consistency equation for given Fermi momentum k F [12] :
In our calculations we will separate the case with the free nucleon mass M * = M = 939 MeV and with the effective mass. The RPA part of polarization tensor is calculated by consideration of contributions from one particle -one hole excitations. It leads to the correspond Dyson equation which solution gives the Π RP A (for more details see [24] ).
Local Density Approximation
We are going to compare cross sections for the case of the model of nucleus with constant baryon density against results for the model of nucleus with local baryon density. The constant value of baryon density for given nucleus is evaluated by calculation of average value of Fermi momentum for given density distribution
is a atomic number, ρ(r) -charge density profile [18] . In our calculations we assume the same number of nucleons in nucleus.
In fact, for Argon and Iron the numbers of protons and neutrons are different but are enough close to not change the cross sections.
The results for the case of the local baryon density are obtained by the integration of the cross section per one nucleon with weight given by density.
where the index of n or p in ρ corresponds to neutron or proton density distribution. 
Numerical results and discussion
We show a set of plots which present the computations of differential cross sections for one GeV neutrino energy. We calculated also the ratio of total cross for the model of nucleus with constant density to cross sections calculated in LDA at one GeV neutrino energy (table.2). In the end we computed the total cross sections for the tree investigated targets. It was made with taking into account all nuclear effects considered by us (LDA, RPA corrections and the effective mass). Table 2 : The ratio of the total cross sections calculated for nucleus with local density to cross section for the nucleus with constant density. The calculations were done for 1 GeV neutrino energy. FG means the free Fermi gas model. The appearing of M * means of application of the effective mass.
In the table.2 we made separation for several cases. We compute ratio of cross sections for the free Fermi gas, the Fermi gas with effective mass, the Fermi gas with RPA without and with the effective mass. In the case of the model of nucleus with constant density the average values of the Fermi momenta and the effective masses from table. 1 were applied. As could be seen the differences between approaches are less than one percent. It does not depend on complications of the model of nucleus. One can also noticed that the differences are a bit bigger for argon and iron. Those two targets are heavier than oxygen and charge distributions were extracted in another model than for oxygen.
To make our discussion more precise we present comparison of differential cross sections. In the figure 2 and 3 the differential cross sections for scattering of one GeV neutrino on Oxygen, Argon and Iron are presented. It was calculated for the Fermi gas model of nucleus with and without adoption of the effective mass. The differentiae between approaches with constant and local baryon density of nucleus are minor. One can noticed that only the maximum of the curve for the LDA decrease a bit. The application of effective mass lower of the pick of cross sections by about 8 % but also dose not change the differentiae between results for LDA and constant baryon density.
In last tree figures we consider also the Fermi gas with corrections Quasi-elastic neutrino differential cross section on: 8 from random phase approximation. RPA corrections are calculated by counting infinite number of one loop digrams [24] . We consider charge current neutrino matter interactions, so in that case mesons ρ and pions carry contributions into RPA polarization tensor. We apply standard values of coupling constans for those fields. The short range correlation between nucleons is applied by using Landau-Migdal parameter g ′ in the pion propagator [14] . In our calculations we adopt g ′ = 0.7.
In fig. 4 we present calculations with the RPA corrections and M * = M = 939 MeV. Similarly, as was noticed in the previous case ( fig.2) , only small differentiae in the maximum are observed. The inclusion of the effective mass in the RPA calculations dose not change the LDA effect ( fig. 5 ). When we compare the fig. 3 with fig. 4 and fig. 5 with fig. 6 one can observe that the RPA decrease the cross sections especially for small transfers of the energy.
We conclude that local density could be replaced by calculation of equivalent average parameters of the model which make the numerical calculations faster. The application of the approach does not depend on complication of the model of nucleus. Quasi-elastic neutrino differential cross section on: 8 Quasi-elastic neutrino differential cross section on: 8 Quasi-elastic neutrino differential cross section on: 8 A Appendix
• Form Factors
In our computations we used dipol form factors [25] with: M A = 1.03 GeV , M 2 V = 0.71 GeV 2 and µ = 4.71 as well as g A = G A (0) = −1.26.
• Charge density distributions
We adopt the charge density profiles from ref. [18] .
Charge density profile for Oxygen 8 O 16 is determined by harmonic oscillator model
where:
In the case of 18 Ar 40 and 26 F e 56 the two parameters Fermi model gives the following profiles:
in the case of Argon: 
. 
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